Background: We present a case of tentorial dural arteriovenous fistula (TDAVF) causing subarachnoid hemorrhage with mass effect of large venous pouches, which was struggling to diagnosis and management due to complex vasculature and severe general condition. Case Description: A 43-year-old man was transferred to our hospital due to sudden consciousness disturbance. A neurological examination revealed tetraparesis and pupil dilatation with no light reflex. Imaging findings showed a large lesion in the brainstem with subarachnoid and intraventricular hemorrhage. Since there were multiple feeding arteries and large and multiple venous pouches on vascular imaging, we diagnosed the patient with TDAVF. Because of a high-flow arteriovenous shunt and the presence of large venous pouches, it appeared to be very difficult to approach the shunting point by direct surgery. Therefore, we first performed transarterial endovascular treatment with 25% n-butyl-2-cyanoacrylate to shrink the venous pouches and to reduce the pressure of the posterior fossa, followed by direct radical interruption of the shunting point using the craniotomy maneuver. Postoperative vascular imaging revealed disappearance of abnormal feeding arteries, draining veins, and venous pouches. The patient was discharged and transferred to a rehabilitation hospital with a modified Rankin Scale Score of 3. Accurate interpretation of the detailed vasculature preoperatively and an appropriate treatment strategy using endovascular and direct surgical technique are required to achieve a satisfactory outcome for difficult-to-treat dural arteriovenous fistulas.
INTRODUCTION
Dural arteriovenous fistula (DAVF) accounts for 10-15% of all intracranial vascular malformations. [8, 14, 16] A tentorial dural arteriovenous fistula (TDAVF) is rare and constitutes less than 2.9-8% of DAVFs. [1, 8] Because the risk of cerebral hemorrhage is 60-74%, DAVF must be treated appropriately. [1, 3, 12, 15] Here, we report a case of ruptured TDAVF with multiple and large venous pouches invaginating the brainstem that was successfully treated with a combination of endovascular embolization and surgical intervention. We describe herein a rare and hard-to-treat case of TDAVF with large and multiple venous pouches which was satisfactory treated by direct surgery with complimentary endovascular maneuver.
CASE HISTORY
A 43-year-old man was transferred to our hospital due to sudden loss of consciousness. Neurological examination revealed tetraparesis and pupil dilatation with no light reflex. The Glasgow Coma Scale Score was 4 (E1, V1, M2). His condition immediately deteriorated to ataxic respiration, and he then underwent intratracheal intubation.
Computed tomography (CT) revealed a very large high-density mass lesion on the pons, midbrain, and cerebellopontine (CP) angle with subarachnoid and intraventricular hemorrhage and acute hydrocephalus [ Figure 1a -c]. Three-dimensional CT angiography (3D-CTA) revealed large and multiple venous pouches invaginating the brainstem [ Figure 1d Figure 2e in order to comprehend the relationship among feeding arteries, draining veins, and the shunting point on dura matter of cerebellar tent. Because there was no blood flow to any sinuses, including the superior petrosal sinus, we finally diagnosed a TDAVF, Borden type III and [2] Cognard type IV. [3] The shunting point was located at the right cerebellar tent near the petrosal bone [ Figure 1e ].
The patient underwent immediate lateral ventricular drainage for severe hydrocephalus on the day of admission. Because of a complication related to neurogenic cardiomyopathy, he was in a serious condition. We first attempted endovascular treatment under local anesthesia 2 days after admission. To shrink the venous pouches, transarterial embolization (TAE) of feeders was performed via the right MMA, AMA, and Max. A using 25% n-butyl-2-cyanoacrylate without the penetration of embolus to shunting point. The venous pouches of the midbrain became smaller after embolization, but the size of the pouches in the operative route of the CP angle did not change [ Figure 2f ]. However, with shrinkage of the venous pouches of the midbrain, his level of consciousness improved to Glasgow Coma Scale 7 (E3, V1, M3) and his general condition was getting more stable due to a decrease in the hard compression toward brainstem. Because the cardiopulmonary function of the patient recovered enough to endure general anesthesia, open surgery was performed 10 days after embolization.
Because the large venous pouch at the CP angle did not allow for an approach at the shunting point [ Figure 3a] , and an intraoperative rupture could have been fatal, the feeding arteries in the cerebellar tent, for which we could not perform the TAE used for other meningeal arteries, were coagulated to shrink the size and pressure of venous pouches to the maximal extent before reaching the shunting point. This maneuver was able to reduce the pressure of the venous pouch and then resulted to visible the shunting point, which was just rostral to a portion of the trigeminal nerve [ Figure 3b ]. An interruption procedure was performed, and successful obliteration of the shunting point was achieved [ Figure 3c ].from the mechanical ventilator. Despite severe neurological deficits including bilateral oculomotor palsy, he had only mild weakness of the upper and lower extremities, and mild cognitive dysfunction. He could walk with limited assistance 6 months after treatment and was grade 3 on the modified Rankin Scale at discharge.
DISCUSSION
TDAVF is a relatively rare but potentially life-threatening condition, with a high risk of hemorrhage. The optimal therapeutic strategy is still debatable. Based on the hemodynamic status of each case, endovascular treatment, surgical disconnection, and stereotactic radiosurgery, or a combination of these procedures, can be used for treatment. [4, 10, 13] Because the shunting point of the TDAVF in our case did not have blood flow via any sinuses, we could not treat it with transvenous embolization. The TAE was also possible for TDAVF, the initial angiographical occlusion rate of which was 77% (before Onyx) and 91% (Onyx) as described previously. [5] On the other hand, some of the feeding arteries could not be embolized because they fed nerves or were related to an extra-intracranial anastomosis. [7, 15] Thus, complete remission with TAE alone might be hard to achieve. Since treatment with stereotactic radiosurgery usually requires about 2-3 years, [6] it was not indicated due to massive hemorrhage onset. Therefore, direct surgical interruption of the draining vein was required in this case.
The retrosigmoid approach was an individualized surgical strategy because the draining vein was the right petrosal vein in our case. [11] However, large and multiple venous pouches with mass effect to brain stem are an exceedingly rare presentation of a TDAVF, and a large venous pouch at the CP angle increases the difficulty in reaching the vein. [9] 
CONCLUSION
We encountered a severe case of TDAVF with massive hemorrhage, high-flow shunting, and large venous pouches with severe neurological deterioration, which was considered to be difficult to treat without causing serious complications. However, an accurate preoperative diagnosis and appropriate direct surgery with pretreatment of endovascular embolism achieved a satisfactory result. In such a case, proactive treatment is recommended to allow for the best possible outcome, even if the patient is in a moribund condition with hemorrhage.
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